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MEEK C 23 C 14/30, 14/56 

CnOCIB HAHECEHHH KEPAMIHHOrO IIOKPHTTJI TA nPHCTPIH 

flJIfl HOrO 3fllfiCHEHHfl 

nEPEXPECHI nOCHJIAHHH HA riAPAJIEJILHI 3AJIBKH. 

He BHKOpHCTOByiOTbCH. 

3BIT nPO nOIUYK 3A PAXYHOK OEAEPAJIBHHX OPrAHIB. 
He BHKopHCTOByertca 

nEPEAVMOBH CTBOPEHHH BHHAXOAY 
rAJIY3I> 3ACTOCYBAHHSE BHHAXOAY 

Heft BHHaxin B3araai CTOcyexbca cnocoSiB HaHecemw noKpHTTfl. 3oKpeMa, ueii BHHaxin 
cnpaMOBaHO Ha CTBopeHiw cnoco6y HaHeceHHa noicpHTTa KoiiaeHcauieio i3 napoBoi* 4>a3H Ta 
npncTpoio ana HaHeceHHH KepaMiniuix noKpirrriB, «khh BKinoiae rpyny okhcIb i3 pi3HHMH 
3HaHeHHHMH racKy napH Ta BHieopHCTOBye ORae aacepejio BrniapoByBaHH*, aice MicTHTb mo rpyny 

OKHCiB. 

PIBEHB TEXHIKH 

BHmi po6oni TeMnepaTypH juix ra30Typ6iHHHX ^BHryiriB nocriiiHO aoc/iiziacyiOTBCH 3 MeToio 
36'uihuieHHSi ix npo^yKTHBHOCTi. OOTaK no Mipi 36un>meHHH po6ohhx TeMnepaTyp, TepMiH mi 
fleTajien aBHryHa, mo npauioiOTB b yMOBax bhcokoT TeMnepaTypH b nuvniKax npoxo/piceHH* 
rapHHoro ra3y b flBHrym, Teae noBHHeH BizmoBiflHO 36ijn>inyBaTHci>. 3HaHHi nepesarn HcapOMiumix 
BJiacraBOCTeH 6yjin aocarHyri iiijwxom CTBopeHH* cynep-cnjiaBiB Ha ochobI HiKejiK) Ta Ko6ajn>Ty. 
O^HaK, Moace BHHHKHyrH Heo6xiflHicTb b TaKbMy po6oHOMy pe^cHMi neBHHx aeTajien Typ6iHH, 
Bi^ciKiB KaMepH 3ropaHH* Ta <J)opca^cHO*i icaMepn ra30Tpy6iHHoro ziBHryHa, npH flKOMy MexamnHHx 
BJiacraBOCTeH ljhx cruiaBiB 6yae He^ocTaTHLo bhtphmkh po6ohhx TeMnepaTyp. 3 niei 
npHHHHH, TaKi aeTani nacTO 3axnmaioTb uijikxom Tenjioi30JiauiHHoro noKpHTTJi (TITI), yTBopeHoro 
13 KepaMiHHoro MaTepiajiy. 3a paxyHOK Toro, mo KepaMiHHi MaTepiajin Ta cy6cTpaTM cynep -cmiaBiB, 



HKi HHMH 3aXHmaK>TbCH, MaiOTb pi3Hi KOe(j)iLU€HTH TenJIOBOrO p03UIHpeHH« (KTP), 3BHHaHHO 

3acTOCOByK>Tb OKHCHocTifiKe 3 , eOTyBaJibHe noKpHTTH juvi noJiiniueHHfl 3JinnaHHH Ta no^OB>KyBaHHH 
TepMiHy .aii Till, a Taico* w* 3axHcry ni^ocHOBH Bi,a nouiKOjpKeHb nepe3 OKHCJHOBaHH* Ta 
BHCOKOTeMnepaTypHe Kopo3iHHe pynHyBaHH*. SB^yBajibHi noKpHTTH, mo BHKopHCTOByioTb b 
cy6cTpaTax cynep-cmiaBiB, 3BHHaHHO MaiOTb (f>opMy 30BHiniHi>oro noKpHTTM, TaKoro hk MCrAlX ( 
M € 3ajii30M, Ko6ajif>TOM Ta/a6o HiKejieM, a X e hpieM a6o imuHM pi^KO 3eMejii>HHM e/ieMeHTOM) 
a6o OT$y3iHHoro ajnoMiHH^Horo noKpirrni. nizmc HaHeceHH* KepaMinHoro Tenjioi30JiHuifiHoro 
noKpHTni Ta HacTyiiHoro nizwaHH* ftoro bhcokhm TeMnepaTypaM, TaKHM ak npn po6oTi flBHryHa, ui 
3'e.aHyBajibHi noKpHTTH yTBOpioiOTb map rnHH03eMy (Al 2 O3) i3 3AaTHicno mijibHoro 3JiHnaHHH, 
a6o TOHKy iuiiBKy , xxa npraaieioe Tin no 3B^3yBajibHoro noKpHTTH. 

Pi3Hi KepaMiHHi MaTepiajra 6yjm 3anponoHOBaHi *k THI, Hafieijibin Bi^MiTHHMM 3 hkhx e okhc 
UHpKOHiio (Zr0 2 ), noBHicno a6o HacncoBO CTa6im30BaHHH okhcom iTpiio (Y 2 0 3 ), okhc Maraiio 
(MgO) a6o iHuii okhch ny>KH0-3eMejibHHX MeTaniB, a6o okhc uepiio (CeO 2 ) a6o iHiui okhch piaxo- 
3eMejibHHx MeTajiiB. ilK MaTepian juw TITI innpoKO 3acTocoByen»cH 6iHapHHH UHpKOHifi, mo 
CTa6Lni3yeTbCH hpieM (CUD, 3aB£HKH iioro TepMOCTifiKOCTi, HH3bKifi TenjionpOBi^HOCTi Ta 

ep03iHHifi CTiHKOCTi nopiBHHHO i3 impKOHiCM, CTa6Lni30BaHHM iHIHHMH OKHCaMH. KpiM TOTO, CIU, 

BBa^KaiOTb nepeBa^cHHM BHacjiiflOK BizmocHoY nencocTi noro HaHeceHH* rma3MOBHM CTpyMeHeM, 
CTpyMeHeM nojiyM'a Ta 3a MeTOflmcaMH HaHeceHHH noKprnr^ KOHfleHcauieio i3 napoBoY 4>a3H 
(HTIKTIO). Tin, HKi 3acTOCOByK)Tbca b ra30Typ6iHHHx aBHiyHax b jxuihhkzlx HaHBHiiinx 
TeMnepaTyp, HaHocsTb 3a mctoahkoio HTUCnO, 30KpeMa, 3a MeTO^mcoio ejieKTpOHHO- 
npoMeHeBoro HaHecemw noKpHTTH KOH^eHcauieio napoBoY <|>a3H (EnHIIKnO), npn HKOMy 
yrBopioeTbca noKpHTTH, mo Mae CTOB6ypHy, eriiiKy ro po3TJDKiHH* 3epHHCTy CTpyKTypy, axa Mae 

MO^CJIHBiCTb p03IHHpK)BaTHCb Ta CTHCKaTHCb, He BHKJIHKaiOHH npH IJbOMy nOIHKO/PKyBaJIbHHX 

cipeciB, mo npHBosaTb no CKajnosaHH*. AHajiorinHi CTOB6ypHi m i Kpo cip yicrypH MoacHa bhpo6hth 
3a aonoMoroio muinx npoueciB aTOMHoY a6o MOJieKyjwpHoi KoimeHcauil, Taxnx hk, HannjieHH* 
(HanpHKJia^, nm bhcokhm Ta hh3Bkhm thckom, CTamjapTHHM a6o kojihm ipoBaHHM CTpyMeHeM), 
HOHo-ruia3MOBe noKpHTTH Ta Bci BHtfH npoueciB miaBJieHH* Ta HaHeceHH* noKpHrriB 
KOH^eHcauieK) 3 napoBoY <J)a3H. ( HanpHKJiaa, KaTOflHo -ayroBe, jia3epHe Tomo). 
JXsix Toro, mo6 Tin 3ajiHinajiocb e(|)eKTHBHHM npoTnroM scboro BH3HaneHoro TepMiHy mi 
3axnmeHHx hhm aeTajien, BaaoiHBOio e HH3Ka TenjionpoBi^HicTb Tin npoTaroM BCboro uboro 
nepioay. OflHaK, b^omo, mo 3HaneHHii TenjionpoBmnocTi MaTepiajiiB Tin, TaKHx hk ClU, 
niaBHiuyioTbCfl 3 nacoM, KKmo bohh 3Haxo/um>CH b po6onoMy cepe^oBHrni ra30Typ6iHHoro 



ABHryHa. B pe3yjibTaTi uboro, Ha AeTam ra30Typ6iHHHx ^BHrymB Tin HaHocaTb 6ijibuj tobcthm 
uiapoM, hdk ue 6yjio 6 noTpi6Ho. AjibTepHaraBHO, aeTajii, mo oxojio/pKyioTbCfl BHyTpH ABHrywa, 
TaKi jik JionaTi Ta coruia, noBHHHi 6yra po3paxoBaHi Ha bhuxhh piBeHb oxonoaacyBajibHoro 
noTOKy . LJi o6HflBa piuieHHfl e He6a>KaHHMH 3 noniHAy bhcokoY BapTOCTi, TepMiHy jxii aeTajien Ta 
npo^yKTHBHOCTi ABHryHa. B pe3yjn>raTi MoacHa BH3HanHTH, mo TexHOJioriY HaHeceHH* Tin 
BHMaraioTb noixajibiuoro noKpamamui, oco6jihbo, ^mo Tin 3acTocoByKrn>CH jxjw TeruiohojiHuii 
^eTajiefi, npH3HaneHHx jsjix po3po6oK flBHrymB, no hkhx npefl'HBjiniOTbCH 6ijibiu bhcokI BHMorn. 
JJjw 3HH5KeHHH Ta CTa6ijii3auiY TenjionpoBWHOCTi CIIJ, 6yjiH 3anponoHOBaHi TpbOXKOMnoHeHrai 
chctcmh Cm. HanpHKJiaa, b 3bhh3hho o(J)OpMJieHiH naTeHTHifi 3a^Bui CLQA 3a peecTpauiiiHHM 
HOMepOM ( HOMep peecTpauii naTeHTHHM noBipeHHM) 13DV- 13490, 3a*BHHK: Pirai Ta iH. (Rigney 
et al.), onncaHO TEI i3 cruiaBOM CIIJ, jnce MicTHTb neBHi KijibKocri oahoto a6o 6uibuie okhcIb 
jiy^KH0-3eMejibHHX MCTaniB (okhc Maraiio (MgO), okhc Kanbuiio (CaO), okhc CTpoHuiio (SrO) Ta 
okhc 6apiK> (BaO)), okhc is piaKO-3eMejibHHX MeTajiiB (okhc jiairraHy (La 2 O3), okhc uepiio (Ce0 2 ), 
okhc HeoOTMiio (Nd 2 03), okhc raaojiimio (Gd 2 C>3), Ta okhc /mcnpo3iio (Dy 2 0 3 )) Ta/a6o okhch 
TaKHx MeTajiiB, hk hIkcjib (NiO), 3ajii30 (Fe 2 C>3), Ko6ajibT (CoO) Ta CKaH^ifi (Sc 2 0 3 ). 3rizmo i3 
3a«BK0K) Rigney et al., b 3HanHHX kuibkocthx ui okhch Moacyrb 3HanHO 3HH3HTH TenjionpoBiamcTb 
CIL( 3a paxyHOK nioBHmeHHH KpHCTajiorpa<|>iHHHX ^e^eKTiB Ta/a6o .ae^opMauifi KpHCTajiiHHoY 
peioiTKH. B 3BHHaiiHO o<J)opMJieHiH naTeHTHift 3aflBqi CI1IA 3a peecTpauiHHHM HOMepoM (HOMep 
peecTpauii naTeHTHHM nosipeHHM) 13DV- 14066, 3a^BHHK: ^apojiia Ta iH. (Darolia et al.,), CILJ 
Tin HaHOCHTb y CKJia^i i3 TpeTiM okhcom - ejieMeirrapHoro Byrjiemo Ta, mojkjihbo, Kap6ifliB 
Ta/a6o ra3y, mo MicraTb Byniem>. Pe3yjiBTyioHe Tin xapaicrepH3yeTbCH HH3bKOio mijibHicno, 
BHCOKOTeMnepaTypHoio cTiihcicno Ta nojiinnieHHMH MexamHHHMH BJiacTHBOCTHMH. 
B toh nac, bk npn BBe^eHHi y CHJ Tin AOflancoBHX okhchhx cnoJiyK 3rumo i3 Rigney et al Ta 
Darolia et al. Moaaia Syjio ctbophth 6uibm criihei MiKpocTpyicrypH Tin, Ay>Ke Ba^aco HaHOCHTH Tin 
cnoco6oM KOHfleHcauii ^jw BHpo6jieHH^ SaacaHoY ozmopiziHoY KOMno3HuiY, xkwo ^oaaTKOBo 
BBeAeHHH okhc Mae thck, kkhh 3HaHHO Biapi3HfleTbca bir THCKy UHpKOHiio a6o iTpiio. HanpHKJiaa, 
okhc uepiio MaB thck napn npn6jiH3HO 10 M6ap, nopiBHjmo i3 3HaneHHHMH THCKy npH6jiH3Ho 0,05 
M6ap jijix impKOHiK) Ta hpiio npn 2500°C. Rkuxo Tm i3 CIU, + okhc uepiio noTpi6HO HaHecTH 
iiumxoM EnHnKnO a6o iHuiHM cnoco6oM KOHfleHcauiY i3 napoBoi (J)a3H, BHnapoByiOHH 3/ihtok, mo 
MicTHTb 6aacaHy KOMno3Huiio CIU + okhc uepiio, cTBopioeTbca Tin, rkq Mae HenpMHHHTHO 
HepiBHOMipHe po3iKxauieHH>i OKHcy uepiio. Rnx yHHKHeHim uboro KBHiua BHKOHyBajiH cyny rHC 
BHirapoByBaHHH OKHciB i3 oKpeMoro 3JiHTKa KoacHoro AO^aTKOBoro OKHcy i3 THCKaMM napn, aid 



3HaHHO Bi,ZXpi3HHJIHCH B1ZJ THCKy CIIJ (HanpHKJiafl, npHHaHMHi Ha nOpjmOK BHlUe BIJX 3HaMeHHH THCKy 

CILQ. IlpH 3acTOcyBaHHi ejieKTpoHHoro npoMeHio, Tpe6a 6yjio 3acTocoBy3a™ mcto^hkv 
CTpH6KonoAi6Horo peryjnoBaHHH npoMeHH, 3a hkok> npoMiHb Ha kopotkhh nac npoeKTyeTbca ( b 
,aiana30Hi MimceicyHfl) Ha kohchhh 3JIHtok, npHHOMy Kijn»icicTb nacy npoeKTyBaHH* npoMeHH Ha 
kohchhh 3Jihtok peryjnoeT bca TaKHM hhhom, mo BHpo6jieria eHepria aocnrae eHepreTHHHoY 
piBHOBara, mo Heo6xiima julk oTpHMaHHH KOMno3HuiftHoro peryjnoBaHHH. AjitTepHani boio juih 

BHKOpHCTaHHH OOTOTO UpOMeHH C 3aCTOCyBaHHfl ipynH eJieKTpOHHHX rapMaT, mO flilOTb 3 pi3HHMH 

piBHHMH chjih mm nijrrpHMKH KOtfCHoro MaTepiajiy 3JiHnciB y po3njiaBJieHOMy CTam. OaHaK ui 

06H^Bi MCTOflHKH yCKJiaflHKHOTB IipOUeC HaHeCeHHH HaCTUIbKH, mo BB€£€HHH flOflaTKOBHX OKHCiB y 
Tin MO)KC 6yTH BaXGKO BHKOHaTH B paMKaX npOMHCJIOBOrO BHpo6HHUTBa. 

3 nonumy Ha BHine CKa3aHe, b icHyionoMy cnoco6i 6aacaHO cnpocTHTH cynyrae BHnapoByBaHHH 

OKHCiB i3 pi3HHMH 3HaHCHHHMH THCKy napH. 

CYTHICTb BMHAXO^y 

U,eH BHHaxizj cnpxMOBaHO Ha CTBopeHHH cnoco6y HaHeceHH* KepaMinHoro noKpHTTH Ta 
npHCTpoio wsi Horo 3iiiiiCHeHHH, HanpHKJia^, Tenjioi30Ji5miHHoro noKpHTTH (Till) zteTajien, %k\ 
3acTOCOByK)Ti> y noniKo^cyiOHOMy TenjiOBOMy cepeflOBHiiji, HanpHKJiaa, Typ6iHH i3 cynep -cnjiaBiB, 
aeTajii KaMepH 3ropflHHH Ta <f>opcaECHoi KaMepH ra30Typ6iHHoro flBHryHa. Cnoci6 3riaHo i3 uhm 
BHHaxo^oM, 30KpeMa, cnpHMosaHo Ha cTBopeHH* MeTOAHKH BHnapoByBaHHH jurn HaHeceHHH Tin, 
yTBopeHoro i3 rpyira okhchhx cnojiyx, npHHaiiMHi ojma 3 hkhx Mae thck napH, mo Biapi3HHeTbc* 
Bia THCKy iHuiHX okhchhx cnojiyK iriei rpynn. ripHKJiaflOM e HaHeceHHa TU1, yTBopeHoro i3 
cnjiasy CUJ, i3 TperiM okhcom jxjisl 3hh^cchhh mun>HOcri Ta/a6o TeiuionpoBi^HOCTi Tin, nojiinmeHHa 
BHCOKOTeMnepaTypHoY CTiibcocTi Ta/a6o nojiinnieHHH MexamHHHX BJiacraBocTeH. 
Uhm BHHaxo^oM, B3arajii, CTBopioeTbcn .aacepejio BHnapoByBaHHH, mo MicTHTb rpyny pi3HHx 
okhchhx cnojiyK, npHHOMy npHHaHMHi oflHa i3 hhx Mae thck napH bhiijhh mac y peuiTH okhchhx 
cnojiyK. y CHCTeMi CUJ-noKpHTTH, npnioia^aMH oco6jihbo iiphhhhthhx okhchhx cnojiyK e okhch 
TaKHx MeTaniB, hk xjepiii, ra^oJiimH, Heo^HMiii, jiaHTamn, flHcnpo3iH, rrep6iH, TaHTajiin, MarmH, 
KajitqiH, crpoHijiH Ta 6apiii, HKi MaioTb 3HanHy fliiiCHy npoijeHTHy pi3HHmo p03MipiB ioHiB 

BUJHOCHO iOHiB UHpKOHUO JXJIA CTBOpeHHH 3HaHH01 JlQ^OpMaiXli KpHCTaJliHHOl peiUlTKH, IIIO 
npHBO^HTb JXO 3HHXCCHHH 3HaHCHb TenjIOnpOBUXHOCTi. IIpH3HaHeHy JXJIX nOKpHTTH ^eTajib 

p03TauiOByioTi> no6jiH3y /jacepejia BHnapoByBaHHH, Ha rkg npoeKTyioTb npoMiHb bhcokoY eHepriT ( 
HanpHKJiaA, ejieKTpoHHHH a6o Jia3epHHH) win njiaBJiiHHH Ta (|)opMyBaHHH napoBoY xMapH i3 okhchhx 
cnojiyK i3 ui>oro A^cepeJia BHnapoByBaHHH, npn iibOMy 3ano6iraioHH KOHTaKTy uieY napoBoY xMapw 3 



aeTajuiio Ta KOH^eHcaun Ha hih Ha nonaTKOBOMy eTani, npoTaroM * K oro BujHocHa KuibKicTb oiwieT 
okhchoi cnojiyKH napoBoY XMapH 6ijn>me, Hi* Buw>CHa KuibKicTb okhchoi cnonyKH b aacepejii 
BHnapoByBaHH*. 3 uieio mctoio mdk aeTajuno Ta ^cepejioM BHnapoBy B aHH* MoncHa 4m3hhho 
BCTaHOBHTH 6ap'ep. IlpoTHroM HacTynHoro eTany, iipoTHroM HKoro BWHOCHa KijibKicTb okhchoi 
cnojiyKH b napoBiii xMapi 3MeHUiyerbCH jxo npn6jiH3HO piBHoro 3HaneHH* Bi^HocHoY KijibKOCTi b 
^cepejii BHnapoByBaHH^, 6ap*ep ycyBaioTb fljw MOHoiHBocri KOHTaioy Ta KOH/ieHcauiY napoBoY 
XMapH Ha AeTajii jsw yTBopemw noKpHTDi. ihcmo 6ap'ep BHKopHCTOByBajin juw nonaTKOBoro 
HaHeceHHH noKpHTra, to fioro ycyBaioTb b HaciynHOMy eTani npouecy BHnapoByBaHH*. 
3 norjia^y Ha BHiuecKa3aHe MoacHa BCTaHOBHTH, mo ueii BHHaxizj 6a3yeTbc* Ha BH3HaneHHi Toro, 
mo Ha noHancy npouecy, npn aKOMy BHKopHCTOByiOTb jpKepejio BHnapoByBaHH* (HanpHKJia^, 
3JIhtok) i3 BMicTOM rpynw okhchhx cnojiyK, oOTa a6o 6un>me 3 *khx MaioTb bhiuhh thck napn mac 
imm, napOBa xMapa 36araHyen>ca okhchoio cnonyKOK) i3 HaiiBHiUHM napOBHM thckom Ta, b 
pe3yjibTa-ri, ua OKHCHa cnojiyica BHnapoByeTbc* CKopinie 3a imm. HacTynHo BCTaHOBJiioeTbca, mo 
nepe3 ixeHKHH nac aacepejio bhit apoBys aHHH nocTynoso 36araHycn>CH okhchoio (- hhmh) cnojiyxoio 

(-aMH) 13 HH5KHHM napOBHM THCKOM ( BiflnOBiOTO i3 H1DKHOK) IHBHtfKiCTIO BHnapOByBaHHfl), UIO 

npHBO.zmTb jxo piBHOBara ( a6o npaKTHHHOi piBHOBarn) npouecy BHnapoByBaHH* Ta, oraee, ao 6uibin 

piBHOMipHoro cyMicHoro BHnapoByBaHH* okhchhx cnojiyK i3 ztfKepena BHnapoByBaHH*. B 

pe3yjibTa-ri noKpHTTH, HaHeceHe Ha UbOMy eTani npouecy BHnapoByBaHH*, MaTHMe KOMno3Huiio, 

HKa Mae 6Lin>uiy cTyniHb nofli6HOcri ao KOMno3HuiY b ancepejii BHnapoByBamui. BmnoBumo, 

nepeBa^cHHM acneicroM uboro BHHaxozcy € CTBopemra MoauiHBocTi KOHTaioy Ta KoimeHcauiY Ha 

aeTajii napoBoY XMapH, mo BHnapioeTbca i3 aacepejia BHnapoByBaHHa, Ha nonaTKOBOMy a6o 

bhkjhohho Ha ubOMy ocTaHHBOMy eTani, bhpo6ji*k>hh npn ubOMy noKpHTTH, KOMno3HULH aKoro e 

6im>w nepe^6anyBaHOK) Ta OAHopizmoio mac 6yzu> -axa imua, *Ky MoacHa yTBopHTH npn 

BHKopncTaHHi oahoto aacepejia BHnapoByBaHHH i3 BMicTOM rpynn okhchhx cnojiyK. 

Ihuh o6 % €kth Ta nepeBara m>oro BHHaxoay 6y^yrb Kpame BH3Hanem b HacTynHOMy aeTajibHOMy 
onnci . 

kopotkhh onnc oiryp 

Ha <J)irypi 1 cxeMaranHO 3o6paaceHO ejieicrpoHHo -npoMeHeBHH npncrpiH jxsvi HaHeceHHH noKpHTTH 
KOH^eHcauieio i3 napoBoY (})a3H 3 BHKopncTaHHaM o^Horo Aacepejia BnnapoByBaHH* i3 bmictom 
rpynn okhchhx cnojiyK, OflHa 3 hkhx Mae bhiuhh napoBHH thck Hi>K iHiui, mo MicTHTbca b ;x>KepejiL 

3fi ( HHO i3 OAHHM BapiaHTOM BHKOHaHHH UbOTO BHHaXO^y 



Ha 4>irypi 2 Ha^aHO rpa^k 3ajieacHocTi KOHueHTpauii okhchoi cnojiyKH i3 bhluhm thckom napH 
s'w nacy noicpHBHoro npouecy. 

Ha 4>irypi 3 3o6paaceHO MiKpo^oTorpa^iio nonepenHoro nepepi3y Tenjioi30JTauiHHoro noicpHTnu 
HaHeceHoro 3riAHO i3 iwm BHHaxoflOM. 

Ha (frirypi 4 3o6pa»ceHO rpa(|) xiMinHoi KOMno3Huii Teruioi30JiHqiHHoro noKpHTni, HaHecenoro 

* 

3riaHO i3 OHM BHHaXOflOM. 

^ETAJIBHHH OIIHC BMHAXO^y 

flaHHH BHHaxia B3arajii MoacHa 3acTocoByBaTH an* ^eTajieii, aid 3Haxo£5m>c>i y 
BHCOKOTeMnepaTypHOMy cepe^OBHmi, TaKHX *k JionaTi Ta (j)opcyHKH TypSiHH, 6a*ma>Ki, BTyjiKH 
KaMepH BHyrpiinHBoro 3rop*HHH Ta Kopnyc <j>opca}KHOi KaMCpH ra30Typ6iHHHX flBHrymB. Xona 
nepeBara utoro BHHaxoay e oco6jihbo 3acTocoBHHMH ww aeTajieH ra30Typ6iHHKx ^BHryHiB, 
MeTO^HKy 3a uhm bhh axo^o m B3arajii MoacHa BHKOpHCTOByBaTH juw Bcix AeTajiefi, Ha axi MoacHa 
HaHOCHTH Teiuioi30JwuiHHe noKpMTTH juix 3a6e3neneHHH 3axHCTy Bia BHCOKOTeMnepaTypHoro 
cepeaoBHma. 

Tin, aid MaioTt HaH6ijiBinHfi ijrrepec 3 noriumy m>oro BHHaxoay, 3BHnaHHO 3'eziHyK)Ti> i3 
niuocHOBOK), HanpHKJia^, i3 cynep -cnjiasy, Ha nicy HaHeceHO MeTajieBe s'eAHyBaubHe noKpHTra. 
3'e^HyBajiBHe noKpHTra nepeBaacHO e 36araHeHOK> ajnoMmieM KOMno3Huieio, HanpHKJiaij, 
noBepxHeBe noKpHTTH ciuiasoM MCrADC a6o flHtfrysifiHe noKpHTni, HanpHKJiaa, ,ziH(J)y3iHHHM 
ajnoMiHHtfOM a6o AH(|)y3 iHHHM miaTHHOBHM ajHOMiromoM siaoMoro THny, xona nepe^6aHacri>CH, mo 
MoacHa 3acTocoByBara i iHmi 3*e;myBajii>Hi noKpHBHi MaTepiajm Ta ix bhah. 3riaHo i3 npoToranoM 
Tin noBHHHo HaHocHTHCB tobiuhhoio, .aocTaTHBOlo jum 3a6e3neneHH>i TeruiOBoro 3aXHCTy 
BH3HaHeHoY aeTajii, 3BHHaimo nopaflicy npH6;iH3HO Bia 75 ,ao 300 MiicpoMeTpiB, npn utOMy 
nepe,a6aHeHi MeHmi a6o 6un>mi 3HaneHH* tobiuhhh. 

fljia AOC^THeHHH 3epHHCTOi CTpyKTypH i3 npHHHOTHHM OnOpOM AO ^e(|)OpMauil Tlfl HaHOCflTb, 

BHKOpHCTOByiOHH cnoci6 HaHeceHHH noKpHTTH KOHfleHcauieio i3 napoBoY 4>a3H, TaKHH hk 
EnHIlKriO, xona mini cnoco6H BHnapoByBaHHH tok Moma 3acTocoByBa™ b o6ca3i m>oro 
BHHaxo^y. Ilpouec EIlHIlKn<D BHMarae HaaBHOcri A>Kepejia BHnapoByBaHHH, yTBopeHoro i3 
6a>KaHoY noKpHBHoY komiio3hiui, Ta ejieicrpOHHoro npoMeHH, mo Mae BinnoBi^HHH eHepreTHHHMH 
piBeHt nji* CTBOpemw napn i3 aacepe/ia BHiiapoByBaHH* b npHcyTHOCTi noBepxm, npH3HaHeHoi win 
noKpHTTH. Ha 4>irypi 1 cxeMaTHHHO noKa3aHO nacTMHy EnHTIKnO npHCTpoio 20, *khh BKJHonae 
noKpHBHy KaMepy 22, b suam po3MimyeTi>c* jxerasib jxnx noKpHTTH. Tin 32 Ha/xaHo *k Taice, mo 
HaHOCHTbca Ha jxerasih 30 iiijudcom njiaBJieHH* Ta BHnapoByBaHHH 3JiHTKy 10 6a>KaHoro noKpHBHoro 



MaTepiajiy ejieicrpoHHHM npoMeHeM 26, mo yTBOpK>€n>CH ejieicrpoHHo-npoMeHeBoio rapMaTOio 28. 
iHTeHCHBHOCTi npoMena 26 aocTaTHto rjir b Hpo 6 Jie h napoBoi xMapH 34, HKa KOHTaKTye 3 
noBepxHeio aefajii 30 Ta KOHfleHcyeTbca Ha Hiii juw yrBopeHH* Tin 32. Hk noKa3aHO, napoBa xMapa 
34 BHnapoByeTbCK i3 BaHHH 14 po 3iuiaBJieHoro noKpHBHoro MaTepiajiy, mo MicTHTbcn b pe3epByapi, 
yTBOpeHOMy thtjicm 12, jqchh OTO^iye BepxHifi KiHem, 3JinTKy 10. Bo^a a6o mme BinnoBiime 
oxoJio^yBajiBHe cepe^osHme npcniKae Kpi3b oxoJio^yBajiBHi xaHajiH 1 6, po3TauiOBaHi BcepeiieHi 
THrmo 12 jsjiK nij^TpHMKH npHHHOTHOi TeMnepaTypn. no Mipi nocTynoBoro BHKopHCTaHH^ b 
npoueci HaHeccHHx noKpHrrn 3jihtok 10 see 6un>me 3anoBHK>e KaMepy 22 Kpi3i> noBiTpHHHH lluiio3 
24. B pe3yjn>TaTi npouecy BHnapoByBaHHa, npH SKOMy HaHOCHTbca Till 32, ajih OKpeMHx 3epeH 
Tin 32 e xapaicrepHHM HaaBHicTb MiKpocTpyKTypHHx ,zje4>eKTiB Ta nop ycepeziHHi Ta Ha noBepxHi 
3epeH Ta mdk ix rparomaMH po3fliny. IlpHny CKa€Ti>c n 9 mo ui #ec|)eKTH Ta nopH 3MeHinyioTb 
TeiuionpoBiAHiCTb OKpeMHx 3epeH THI Ta OTace Tin b uuioMy. 

3ritfHO i3 nepeBa^cHHM acneKTOM BHHaxo^y Teimoi30JwuiHHHH MaTepiaji Tffl 26 6a3y€Tbca Ha 
6iHapHOMy CTa6ijii30BaHOMy hpieM uhpkohu (CILQ, ane b ciuiaBi siH noBHHeH \ucthth npHHaiiMHi 
TpeTifi MeTajieBHH okhc. 3oKpeMa, BHHaxiA cTOcyen>cH HaHeceHH* BHnapoByBamiaM noKpHrriB Ha 
ocHOBi Cm, b hkhx ooth a6o 6un>me okhcIb MeTajiiB MaiOTb thck napH, akhh 3Ha*iHO 
b inp i3HH€TbCH bw THCKy napH UHpKOHiio Ta hpiio, HanpHKJiaa, npHHaiiMHi Ha nopasoK. Xona ije He 
e o6ob"h3koboio 03HaKoio BHHaxoay, ajie nepeBaacHO, mo6 Tpe-rift okhc MaB e(f)eKT 3HHHceHH>i Ta / 
a6o CTa6iJii3auii TenjionpOBizmocrri TOT 32. 3 uieio mctoio Ta 3riaHO i3 3BHnaHHO noAaHoio 
3anBKOio 3a peecTpauiiiHHM HOMepoM (homcp peecTpauii naTeHTHHM noBipeHHM 13DV- 13490) 
Rigney et al, Tpeiifl okhc nepeBaacHO Mae 3HaHHy jxmcny npoueHray pi3HHiuo po3MipiB ioHtB 
Bi^HOCHO ioHiB UHpKOHiio, HKa enrae npHHaiiMHi aHioHy iTpiio (Y 3+ ), to6to npHHaHMHi 13 
npouemiB, xjix ctbopchhh 3HanHoI ^ei^opMauii 3Bbji^kh po3Mipy ioHy. 3riflHO i3 b 3BHnaHH0 
o4>opMJieHOio naTeHTHOio 3a^BKOio CI1IA 3a peecTpauiHHHM HOMepoM (HOMep peecTpauii 
naTeHTHHM noBipeHHM) 13DV-14066, Darolia et al., Tin 32 Moace 6yra aajii 3MiHeHo jinx BMicTy 
ejieMeHTapHoro Byrnemo y <{)opMi oca,EPKeHHx HauiapyBaHb, i3 hkhx b pe3yjibTaTi TenjiOBoro 
po3KJia,ay Byrjiemo Moaee b h/u jotthc h ra3, mo MicTHTb Byrjiem> ( HanpHKJiaa, oahookhc Byrjiemo 
(CO) Ta / a6o zibookhc Byrnemo (CO 2))- npHnycKaern>ca, mo y KOM6iHauii HaaBHicTb HamapyBaHHs 
Ta o^Horo a6o 6un>ine BHme BH3HaneHHx TpeTix okhcib MeTajiiB npHBOAHTb jxo 3HH>KeHH^ 
minbHocTi TenjionpOBiOTOCTi CIIJ I ill. 

Tin 32 , HKe e nepeBaacHHM 3a uhm BHHaxo/jOM, nepeBa>KHo MicT HTb npH6jiH3Ho sijx 3 no 8 BaroBnx 
BizicoTKiB iTpiio, xona MO>KHa BHKopHCTOByBara hk MeHuii, TaK i 6ijibiua Ki^bKOCTi iTpiio. npHKiiajLUi 



Bi/UIOBiAHHX OKHCHHX CHOJtyK, H K i Tpe6a CITJiaBHTH i3 BKJIIOHaiOTb T3Ki OKHCH MeTaJTiB, HK 

uepiii, ra^oniHifi, HeoOTMifi, jiaHTamii, AHcnposiii, rrep6iH, TaHTajiin, Maram, Kajibuifi, CTpomiift ra 
6apiH, aid Maion, 3HaneHH* THCKy napH, mo 3HanHO Bi,api3H5uoTi>cji bui thckIb napiB unpKOHiio Ta 
iTpiio. HanpHKJiaA, npHnycKaen>ca , mo okhch uepiio, HeoaHMiio, jiaHTaHiio, rrep6iio ? Marmio, 
CTpOHuiio Ta 6apiio Maiort thckh napiB BHme, mac y uhpkohw Ta hpia, aeiuo 6uiMiie hl>k Ha 
nopaaoK. Bi^noBizmo no TBepaaceHb Rigney et al. Ta Darolia et al. npnnycKacTbc*, mo uepift e 
oco6jihbo nepeBa^cHHM i3 BMicTOM itph6jih3ho bu 10 no 20 BaroBHx BiacoTKiB b Tin 32, xona 
nepefl6aHa€Ti>CH BHKopHCTaHH* hidkhhx Ta bhiuhx piBHiB uepiio. 

3riaHO i3 uhm BHHaxoaoM Cm Ta uepiii ( a6o inmHH okhc i3 bhcokhm thckom napn) OOTonacHO 
BHnapoByioTBCH b oahoto MHnca 10, mo Mae 6aacaHy KOMno3Huiio jxnx noKpHTT* 32, xona b 
npoTorani cyMicHO BHnapoByBajra Cm Ta uepiii, ajie pe3yjibTaTOM m>oro 6yjio cTBopeHH* 
noxpHTriB, KOMno3Huii hkhx 6yjm HeoOTopimniMH a6o Hey 3ro A>Ke hhmh i3 K0Mno3Huieio 3JiHTKy 3a 
paxyHOK BHiuoro THCKy napH uepiio. B aocjii/pKeHHi, mo npHBe.no ao m»oro BHHaxoay, 3jihtok i3 
BMicTOM CII|, cimaBjieHoro i3 16 BaroBHMH b izjc oncaMH uepiio, BHnapoByBajiH 3a aonoMoroio 
EnHITKn<I> juw HaHeceHH^ Tm. riocmiaioHHCb Ha 4>irypy 2, aHajii3 noKpHTra noica3aB, mo 
HacraHa TKl, oca^aceHa Ha nonancy npouecy BHnapoByBaHH* (ti), 6yjia 36araneHa uepieM. BMicT 
uepiio na^aB b noHaircoBiH TOBiuHHi Tin, BinnoBinHO i3 TpHBajiicno noKpHTTH npH6jiH3HO 10 
xbhjihh, nicjia m>oro BMicT uepiio 6yB bujhocho CTa6Lm>HHM npn HaHeceHHi noKpHTTH (t 2 ) nepea 

THM, XK 3MeHIHHTHCb npaKTHHHO B Kmui Onepauii nOKpHTTH (t 3 ). 13 UBOrO flOCJlitfaceHH* MO^CHa 

3po6hth bhchobok, mo napoBa xMapa 34 ycepearari noKpHBHOi KaMepn nonaTKOBO e 36araneHOK) 
ioHaMH uepiio b pe3yjn>TaTi BHmoro racKy napH uepiio (suuiOBiaHO i3 BHmoio uiBHiuricTio 
BHnapoByBaHra). QzmaK, nepe3 nepioa nacy (t,) HacTynae piBHOsara (a6o npaKTHHHO piBHOBara) 
JUiH CTa6iiii3auiY npouecy BHnapoByBaHH*, mo npHBOflim, no 6ijn>ui piBHOMipHoro cyMicHoro 
BHnapOByBaHHJi Cm Ta uepiio i3 3JiHTKy. He Maionn Ha MeTi noB^3ara ue 3 6v^i>-hkoio 
BH3HaneHoio Teopieio, 6yjio 3po6jieHO bhchobok, mo 3jihtok CTaB 3 Han ho 36araneHHM CILt b 
pe3yjn>TaTi hh>khhx ihbhakoctch BHnapoByBaHHa iTpiio Ta mipKomio ( *k pe3yjn>TaT buhocho 
HH3bKHx THCKiB Ix napis), Ta mo 6yna BCTaHOBneHa oneBmma piBHOBara uiBHziKocTeH 
BHnapoByBaHHa unpKomio, iTpiio Ta uepiio. KiHueBe 3HH}KeHHs BMicTy uepiio b nepiozu hokphtth 
(t 3 ) Bm6yBajiocH 3a paxyHOK 3ajiHiiiKy 3JiHTKy, 36araneHOMy Cm nepe3 paHiiue npncKopeHy BTpaTy 
uepiio, 6e3 ao/jaTKOBoro nonoBHeHHH hhm MacH 3JiHTKy. 

Ha 3aca,ai utoro Moaoia 3po6hth bhchobok, mo TI1J 32, HaHeceHe nporaroM npo\ri>KHoro eTany (t 2 ) 
npouecy BHnapoByBaHH*, motkq MaTH KOMno3 Huiio 6ijibine nomdny KOMno3Hui'f 3JiHTKy. 3rumo 13 



Uhm, o6'eKTOM m>oro BHHaxoAy e CTBopeHH* MOHoiHBicno BHnapoByBaHH5i napoBOi XMapn 34 is 
3Ji HTKy 10 jinx 3iTKHeHiw 3 fleTajijuo 30 Ta KOHfleHcauii H a niii Ha nonaTKOBOivty a6o bhkjhohho Ha 
UbOMy npoMi^cHOMy eTani win BHpo6jieHH* Tin 32, KOMno3Huia AKoro e 6inhui nepe^6aHyBaHOK) 
Ta OAHopiOTOio, hdk iHini MO^cjiHBi npH BHKopHCTaHHi OOToro /wepejia BHnapoByBaHH*. 
nocHJiaiOHHCb Ha 4>irypy 1, EnHnKTIO- npHCTpifi 20 Mae 6ap'epy 36, mo po3TamoBaHHH \iiac 
jxerajuuo 30 Ta miaBHJibHOio BaHHOio 14 Ta hkhh icHye tLibkh Ha nonancoBOMy Ta KmueBOMy 
eranax npouecy noKpHrra, nporaroM HKoro KOMno3Huia napoBOi XMapH nponopuiimo 3MiHK)en>cfl 
no BizmonieHHio no KCMno3Huii* 3JiHTKy. BuuiOBiaHHM 6ap'epOM 36 e njiacTHHa i3 Hep^caBuonoY 

CTaJli, HKOK) MOJKHa MaHUiyJIIOBaTH 30BHi nOKpHBHOl KaMepH 22. OtfHHM Cn0C060M BHKOpHCTaHHH 

6ap'epy e BH3 Han e hhh nepiofliB nacy "ti" Ta "t 2 " juix a^hoY KOMno3nuii 3JiHTKy Ta noTiM 
nporpaMyBaHHH npHCTpoio 20 Ha 3h*tth 6ap*epy 26 b nepioa (t i) Ta HacTynHO Ha no^aTKy npouecy 
noKpHTTH. Eap'cp 36 ni3Hime MoacHa 3hob BCTaBHTH a6o npocro 3aKiHHHTH npouec BHnapOByBaHaa 
b KiHui nepioay t 2 nepea thm, xk noMHe BHnapoByBaTHCb 36araneHHH CII4, 3ajiHinoK 3JiHTKy 10. 
AjibTepHaTHBHO, po6oTa npHCTpoio Moaee 6yra aBTOMara30BaHa uijihxom 3HHTyBaHH* xiMi^HoY 
KOMno3Huii napoBOi XMapH 34. 

Xona BHKopHCTaHHa (J)i3HHHoro 6ap'epy 36 e nepesa^cHOio e^eKTHBHOio mcto^hkoio una 
o6Me^ceHHw npouecy HaHeceHH* noKpHTra Ha npoMUKHOMy eTani t 2 , MoacHa TaKoac 3acTocoByBaTH 
mini MeTOflHKH. HanpHKJiaa, Mo>KHa 3ano6iiTH HaHeceHHK) noKpHrrn, 36araneHoro c KJia ^o b hmh i3 
bhiuhm thckom napn, uuihxom BHKOHaHHH nonaTKOBoro eTany (t» ) npouecy noKpHrrn, ak 
OKpeMoro po6oHoro UHKJiy, npoTaroM aKoro jxeTam, 30 me He po3MuueHa b KaMepi 22. HaHeceHHfo 
noKpHTTH, 36araneHoro cmiaflOBHMH i3 hidkhhmh THCKaMH napiB 3i 3Jihtk y 10, MoacHa 3ano6irrn 
npHHHHeHHHM npouecy noKpHTTH jxo nonaTicy KiHueBoro eTany (t 3), to6to, nepea thm, kk noHHe 
BHnapoByBaTHCt KiHueBa nopuia 3JiHTKy 10, 36araneHa CKJiaaoBOio (hmh) i3 hh^chhm thckom napiB. 
IIoTiM ocTaHHin eTan (t3> onraMajiBHo BizucjiaaaiOTb, noKH MaTepiaji 3JiHTKy 6e3nepepBHO 
no^aeTBCK b KaMepy 22. 

B ApyroMy AocjiiA^ceHHi, mo npHBejio no uloto BHHaxoay, TUT HaHOCHJin uuiaxoM EITHnKnO Ha 
3pa3KH, yTBopeHi i3 cynep-cnjiaBy Rene N5, Ha *Ki 6yno HaHeceHO flH(|)y3iHHe 3'eziHyBajibHe 
noKpHTTH i3 ajnoMiHH^y ruiaraHH (PtAl). 3pa3KH noKpHBajiH uijihxom BHnapoByBaHHa 3JiHTKy 
unpKOHiio, CTa6i;ii30BaHoro npH6;iH3Ho csoMa BaroBHMH BUjcoTKaMH hpiio (7% CILQ, cn;iaB;ieHoro 
i3 16 BaroBHMH BiacoTKaMH uepiio. 3pa3KH 3aBaHTa)KyBajiH y noKpHBHy KaMepy TaKHM hhhom, moo 
bohh niaTpHMyBajiHCb najx 3jihtkom, Ta BuucanyBajiH noBiTpa i3 KaMepn jinx CTBopeHH* 
napuiajibHoro BaKyyMy npH6iiH3Ho 10' 4 Top ( npn6jiH3HO 1,3x10' 4 M6ap). rioTiM 3pa3KH HarpiBajiH 
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jxo TeMnepaTypH npH6;iH3HO 900 °C. llpH o6epTaHHi 3pa3KiB p uiBHflKicTK) npH6iiii3HO 25 o6./xb., 
3jihtok BHnapoByBajiH 3a flonoMoroio eJieKTpoHHO -npOMeHCBoi rapMaTH i3 nocriHHHM piBHeM 
noTy^CHOCTi npH6jiH3HO 24,5 kBt. ripoTaroM nonaTKOBoro nepioay npH6jiH3HO 10 xbhjihh napoBa 
XMapa, BHpo6jieHa nianac BrniapoByBaHH*, 6yjia i30JitOBaHa bw KOHTaKTy i3 3pa3KOM Ta 
KOH^eHcaun n Ha HBOMy 6ap*epoM rany, mo € 3o6paHceHHHM Ha (J)irypi 1 . IIoTiM, ycysaioHH 6ap'ep, 
AeTajit niA^aBajiH noKpH-rno nporaroM npH6jiH3HO 40 xbhjihh, nicjw noro 3hob BCTasirajiH 6ap'ep 
juix npHiiHHeHHfl npouecy HaHeceHH* noKpHTTH Ha 3pa3KH. HaHeceHe b uhx yMOBax Tin, 
3o6pa)KeHe Ha (J)irypi 3, Mae 6aacaHy CTOB6ypHy MiKpocTpyKTypy, npH m>oMy 3 4>irypi 4 
oneBHOTO, mo p03noAin ejieMemiB no Bcifi TOBmHHi Tin e npaierHHHo piBHOMipHHM. Ha (Jrirypi 4 
noKa3aHO, mo bujhocho *ix CTa6uii30BaHHX piBHiB b 3arajibHiH Maci TBTI, piBeHb uHpKOHiio b^hocho 
bhcokhh, a uepiio - BitfHOCHO HH3BKHH b ^CKUibKOx nepuiHx c aHTHMCTpax TUT. IlpHMHHa uieY 
pi3HHui He 3po3yMijia. ajie BOHa Hi b flKOMy BHnaflKy He MaraMe HiiciAJiHBoro BnnHBy Ha 6a>Kam 

BJiaCTHBOCTi Tin. 

He ahbjihhhcb Ha Te, mo ueii BHHaxia 6yjio onncaHO Ha 6a3i nepeBaacHHx BapiaHTis BHKOHaHHH, 
oneBHAHO, mo cneuiajiicT b iuh rajiy3i Moace 3acTocoByBaTH irnui sapiaHTH. BianoBiimo o6car 
BHHaxo^y cjiuj o6MeacyBaTH TuibKH HacTynHOK) 4>opMyjioio BHHaxo^y. 






i ! 



OOPMYJIA bhhaxoay 

3aHBJi^e*rbCH : 

— 

1. Cnoci6 HaHeceHiw KepaMinHoro noKpHTr* (32) Ha noBepxHio ^eTaifi (30), skhh BKjnonae 
eranH: 

- CTBOpeHHH /wepejia BHnapoBysaHHK ( 1 0), mo MicTHTB rpyny pi3HHX okhchhx cnonyK, npnnoMy 
npHHaiiMHi oflHa i3 hhx Mae thck napH bhiuhh, hdk y peuiTH okhchhx cnojiyx; 

- 3aKpiimeHHH ^exajii (3 0) no6jiH3y /pKepejia BHnapoByBaHH* (10); 

- cnpaMyBaHHa bhcoko -eHepreTHHHoro npoMeH* Ha aaeepejio BHnapoByBaHHH (10) jxjix 
miaBJiiHim Ta ^opNfyBaHHH napoBoY XMapH (34) i3 okhchhx cnojiyK jpKepejia BHna poByBaHH* 
(10), npn uBOMy yHHKaiOTL KOHTaiay uiei* napoBoY XMapn (34) 3 fleTamno (30) Ta KOHzteHcauii Ha 
mil Ha nonaTKOBOMy eTani, nporaroM jncoro BizmocHa KuiBKicTb npHHaiiMHi o^meY okhchoY 
cnojiyKH b napoBifi XMapi (34) 6Lm>nie, hdk BitfHOCHa Kun>Kicn> npHHaiiMHi OflHieY okhchoY 
cnonyKH b a>Kepejii BHnapoBysaHH* (10); Ta noriM 

- cTBopeHH^ Mo^cjiHBOcri KOHTaKTy napoBoY XMapH (34) i3 fleTajimo (30) Ta KOH^eHcaqiY Ha nift b 
HaciynHOMy eTani juul (J)opMyBaHHH noKpHTTH (32), npOTHTOM jncoro BizjHOCHa KiiibKicTb 
npHHaHMHi OOTiei okhchoY cnonyKH b napoBifi XMapi npH6;iH3HO aopiBHioe BizmocHiii kLtlkoctI 

• - 

npHHaiiMHi ozmieY okhchoY cnonyKH b a^cepejii BHnapoByBaHHH (10). 

2. Cnoci6 3a n.l, k k h ii Bi^pi3HH€Ti>ca thm, mo jsjul 3ano6iraHHa KOHTaKTy napoBoY 
XMapn (34) 3 fleTajimo (30) Ta KOHfleHcami" Ha Hiii, Ha nonaTKOBOMy eTani, aozja-ncoBo 
BCTaHOBJiioKm> 6ap'cp (36) Miac fleTajuno (30) Ta aacepejiOM BHnapoByBaHHH (10), Ta ycyBanm* 
6ap'ep (36 ) 3Bizmi b HacTynHOMy eTani, hhm po6jwn> mo^kjihbhm KOHTaicr napoBoY XMapn (34) 3 
AeTajijno (30) Ta KOHfleHcamio Ha mil. 

3. Cnoci6 3a n.l, % k h h Bi^pi3HH€TbCH thm, mo ao^aTKOBO BKJiionae eTan 3ano6iraHHH 
KOHTaiay uiei napoBoY XMapH (34) 3 aeTajuno (30) Ta KOH^eHcauiY Ha Hiii Ha KiHueBOMy eTani, 
npoTHroM 5ucoro Bi^HocHa KuibKicTb npHHaiiMHi oflHiei okhchoY cnojiyKH b napoBiii XMapi (34) 
MeHine, hdk Bi^HOCHa KinbKicTt npHHaiiMHi oflHieY okhchoi cnojiyKH b flacepejii BHnapoByBaHH* 
(10). 

4. Cnoci6 3a n.l, x k m if Bi^pi3HJieTbCH thm, mo npHHaiiMHi oimy OKHCHy cnojiyKy 
BH6npaK)Tb i3 rpynn, mo BKjnonae okhc uepiio, okhc Mamiio, okhc CTponuiK), okhc 6apiK>, okhc 
jiaHTaHy, okhc Heo/iHMiio, okhc raflOJiimio, okhc flHcnpo3iio, okhc rrep6iio Ta okhc Tanrajiy. 



5. Cnoci6 3a n. 4,ohh BiApi3H*€Ti»c* t h m, mo b Aacepejio BHnapoByBaHH* (10) 
BMimyiOTb, b ocHOBHOMy, okhc hpiio, unpKOHiio Ta, npHHaHMHi, me ojxuy OKHCHy cnoJiyKy. 

6. Cnoci6 3an. 5,hkhh Bi^pi3HJieTbCH thm, mo BHKopHCTOByioTb okhc uepifo, hk OAny 
AOAaTKOBy OKHCHy cnonyKy. 

7. Cnoci6 3a n. Ukhh Biapi3HH€TbCJi thm, mo Aacepejio BHnapoByBaHH* (10) BMimyiOTb 
b ocHOBHOMy okhc iTpiio, impKOHiio Ta npHHaHMHi me ojwy OKHCHy cnojiyxy. 

8. Cnoci6 3an. 1,hkhh Bi^pi3H ji€Ti>C5i thm, mo BMicopHCTOByiOTb okhc uepiio, hk OAHy 
AOAaTKOBy OKHCHy cnonyKy. 

9. Cnoci6 3a n. Ukhh Biflpi3HH€Ti>CH thm, mo y A>Kepejio BHnapOByBaHH* (10) 
BMimyiOTB npn6jiH3HO bia 10 ao 20 BaroBHX BiaconciB OKHcy uepiio, npn HOMy CTa6Lrii3auii 

OCHOBHOl MaCH OKHCy UHpKOHUO AOCHTaiOTb OKHCOM iTpilO y KUIbKOCTi, HKa AOpiBHIO€ npH6iIH3HO 

bw 3 ao 8 BaroBHX BiAconciB. 

10. Cnoci6 3a n. Ukhh Biflpi3H«€Ti»CH thm, mo hk AeTajib (30) BHKOpHCTOByioTb AeTajib 

* 

ra30Typ6iHHoro ab HryHa. 

1 1 . npHCTpifl (20) jyix HaHeceHHH KepaMinHoro noKpHTra (32) Ha noBepxHio AeTajii (30) Bfononae: 
OAHe Aacepeno BHnapoByBaHHfl (10), mo Micran> rpyny pi3HHx okhchhx cnonyK, npHHOMy 
npHHaHMHi OAHa i3 hhx Mae thck napn bhiuhh, hxtk y peuiTH okhchhx cnojiyx; 

3aco6n ajw BBeAeH™ Aacepejia BHnaposyBaHH* (10) b noicpHBHy KaMepy (22); 

3aco6n ajih 3aKpimieHHfl AeTajii (30) no6jiH3y Aacepejia BKnaposyBaHH* (10); 

3aco6n (28) ajih cnpHMyBaHHH BHCOKo-eHepreraHHoro npoMeHK) (26) Ha A^cepejio Bnn apo ByB aHH^i 

(10) ajm iuiaBJiiHHJi Ta (J)opMysaHHH i3 Hboro napoBoi* XMapH (34) i3 okhchhx cnojiyx Aacepejia 

BHnapoByBaHHH (10); 

3aco6n 3ano6iraHHH KOHTaicry napoBo'i XMapH (34) 3 AeTajuno (30) Ta KOHAeHcauiY Ha urn Ha 
nonaTKOBOMy eTani, npoTaroM hkoto BiAHOCHa KijibKicrb npHHaHMHi OAHieY okhchoi cnonyKH b 
napoBin XMapi (34) 6ijibuie, Hiac BiAHOCHa Kijn>Kicn> npHHaHMHi OAHieY okhchoi cnonyKH b Aaeepejii 
BnnapoByBaHHH (10); Ta 

3aco6n jinx ycyBamia 3aco6iB 3ano6iraHH* (36) mix cTBopeHH* MoacjiHBoeri KOHTaicry napoBoi 
XMapn i3 AeTajuno (30) Ta KOHAeHcauiY Ha nm b HacTynHOMy eTani, b HKOMy BiaHOCHa KuibKicTt 
npHHaHMHi OAHiei okhchoi cnonyKH b napoBin XMapi (34) npn6jiH3HO AopiBHioe BixmocHin 
KijitKocTi npHHaHMHi OAHiei okhchoi cnonyxn b A>Kepejii BHnapoByBaHH* ( 1 0). 
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12. IIpHCTpiH (20) 3an. II.hkhh ui,api3HjieTbca thm, mo 3aco6a.MH 3ano6iraHHa e 
6ap'ep (36), po3TauiOBaHHH b jxinxnni mik aeTajuiio (30) Ta A^cepejioM BHna poByBaHH* (10), Ta 
3aco6H ycyBaHH*, BHKOHaHi 3 MoaaiHBicTio ycysaHiw 6ap*epy (36) i3 nie'i jxijixuku. 

13. IIpHCTpiH (20) 3an. 11, HKHH Bifl P i3H*CTI>CH THM, mO npHHaHMHi O^Ha OKHCHa 

cnonyKa BM6paHa 13 rpynH, mo Biunonae okhc uepiio, okhc Marmio, okhc cTpoHuiio, okhc 6apuo, 
okhc JiaHTaHy, okhc HeoflHMiio, okhc ra^ommio, okhc AHcnp03iio, okhc iTep6iio Ta okhc TaHTajiy. 

14. npHCTpiii (20) 3a n. 13, hkhh Bi^pi3HS€Tbca thm, mo b aacepejio BHnapOByBaHH* (10) 
MicTHTt b ocHOBHOMy okhc hpiio, UHpKOHiio Ta npHHaHMHi me oflHy oKHCHy cnojiyKy. 

15. IIpHCTpiH (20) 3a II. 14, SKHH Bij^pi3H5I€TbCH THM, mO OtfHieiO AOAaTKOBOIO OKHCHOK) 

cnonyKOK) € uepiii. 

16. IIpHCTpiH (20) 3a n. 11,hkhh Biflpi3H*€TBca thm, mo flacepejio BHnaposy BaHH* (10) 
MicTH-n, b ocHOBHOMy okhc Hp iio, impKOHiio Ta, npHHaHMHi, me OflHy OKHCHy cnojiyKy. 

17. IIpHCTpiH (20) 3a n. 11, hkhh Bi^pi3HHeTBCH th m, mo npHHaHMHi o^Hieio okhchoio 
cnojiyKoio e okhc uepiio. 

18. IIpHCTpiH (20) 3a n. 11, hkhh Bi,api3HHeTbca thm, mo ^acepejio BHnapoByBaHH* (10) 
MicTHTb npn6jiH3HO Bin 10 w 20 BaroBHx BUjcoTKis OKHcy uepiio, CTa6uii3auii ochobhoi mech 

OKHCy UHpKOHiK) ^OCKTaiOTL OKHCOM iTpilO y KUIBKOCTi npH6jIH3HO Bifl 3 AO 8 BarOBHX BUICOTKiB. 
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PEOEPAT 

Cnoci6 HaHeceHHH KepaMinHoro noKpHTT* (32) Ha aeTajib (30) Ta npncTpifi (20) noro 
3;uHCHeHHa. Cnoci6 BKjnonae MeTOflHKy BHnapoByBaHH* ^ncepejia BHriapOByBaHHfl (1 0), mo MicTHTt 
rpyny pi3HHX okhchhx cnojiyK, npHHOMy npHHaiiMHi OflHa i3 hhx Mae thck napn bhiuhh mac y 
peiirra okhchhx cnonyK, jjjm HaHeceHH* noKpHTTH (32) i3 rpynn okhchhx cnojiyK. ripn utoMy 
BHCOKO-eHepreTHHHHH npoMiHb cnp>iMOByioTi> Ha .cpKepeno BHnapOByBaHHH (10 ) niiaBJiiHH^ Ta 
4>opMyBaHra napoBoi xMapH (34) i3 okhchhx cnojiyK ^epejia BHnapoByBaHH* (10), yHHKaioHH npn 
UtOMy KOHTaicry ijieY napOBoY XMapH (34) 3 ^eTajuno (30) Ta KOH^eHcauiY Ha Hin Ha nonaTKOBOMy 
eTani, npoTHTOM hkoto BiaHOCHa Kun>Kic*n> npHHaftMHi ojwie x okhchoY cnoJiyKH b napoBifi XMapi 
(34) 6ini>Hie hdk BizmocHa Kun>KicTi> npHHaHMHi o^meY okhchoY cnoJiyKH b ^>Kepejii BHnapoByBaHH* 
(10). Ha HaciyiiHOMy eTani, nporaroM hkoto BizmocHa Kun>KicTb o,zmi€Y okhchoY cnoJiyKH b 
napoBifi XMapi (34) 3HH^cyen>ca #o iiph6jih3ho TaKoY tk BizmocmH Ki/ibKOCTi ii b a>Kepejii 

BHnapOByBaHHX (10), CTBOpKHOTB MOHCJIHBiCTb KOHTaKTy napOBOY XMapH (34) i3 JXQT3JUUO (30) Ta 

KOHmeHcauiY Ha hm b HacTynHOMy eTani jinn (J)opMyBaHH3i noKpHTTH (32). 



